The larval, nymphal, and adult stages, including a partial life history, of Radfordia bachai n. sp. (Acarina: Myobiidae) from Dipodomys ordii Woodhouse, in Utah, are described and illustrated. A key to males and females of Radfordia, based primarily on chaetotaxy, is given.
In two recent studies (unpublished) on the ectoparasites of the Ord kangaroo rat (Dipodomys ordii Woodhouse) in Utah and Tooele Counties, Utah, a new niyobiid mite belonging to the genus Radfordia Kwing, 1938, was collected. The primary purpose of this paper is to describe this mite and its developmental stages.
The species included in Radfordia have been subjected to constant revision since the genus was described by Kwing (1938) . In fact, the family Myobiidae Megnin, 1877, has undergone a complete transition in the past two decades. For background material, and reference to the early literature the reader should consult Kwing (1938) , 'Radford (1948 'Radford ( , 1953 'Radford ( , 1954 , and Jameson (1955) . Repetition of this material here seems quite unnecessary. Jameson (1955) summarized the characteristics of each genus in the Myobiidae and listed the included species of each. In the case of Radfordia, certain described species were omitted. He did not mention their present taxonomic position or synonymy. Presentation of a key to the species of Radfordia facilitates the identification of the known forms and affords an opportunity to discuss those questionable species.
Nomenclature of the dorsal chaetotaxy as proposed by Kwing (1938) has been generally adopted. Jameson (1948) introduced the term "circumanal setae" to designate those about the anal area, often including all the dorsal setae posterior of the fourth pair of legs. Median and submedian setae may extend into this area; however, there is little doubt concerning their relationship to anterior setae since they ensue a continuous row and are morphologically the same. Radford (1948 Radford ( -1954 has not adopted this designation; therefore, circumanal setae, if in a direct line with an anterior row, were included as members of that row. The circumanals include simple as well as considerably modified setae.
In the genus Radfordia both sexes may possess a genital plate. This plate is not necessarily more sderotized than the adjacent integument. However, it is clearly delineated by a fold or thickening of the integument which may appear like a suture. Also, The chaetotaxal patterns are discussed and illustrated. The taxonomic position of three species, R. bifoliata Lawrence, R. davisi (Radford) , and R. noctulia (Radford), is discussed. it is set off by the contour or pattern of the striations of the integument (figs. 1 and 2). This genital plate is often setiferous. We proposed that these setae be designated as perigenital setae to facilitate more accurate description. The designation circumanal and perigenital will be followed in the descriptions and the keys presented here.
All lateral, submedian, circumanal, and perigenital setae occur in pairs; median setae singly ( fig. 12 ). Legs: Leg I shorter than palpi, stout, three-segmented, without terminal claws. Segment I broader than long; tubercles absent; two dorsal marginal setae; one ventral median seta. Segment II with a large lateral, flattened, striated, hooklike tubercle; a longitudinally striated, flattened, dorsal tubercle; a small peglike ventral seta; two dorsal, two ventral setiform setae. Segment III a laterally directed, transversely striated, medially toothed, hooklike clasping tubercle (fig. 7) ; medial side armed with numerous small setae. Leg II has two equal tarsal claws; segment V has one short basiconic sensillum. Leg III and IV each have a single, large, tarsal claw, about one-third larger than the claws of leg II; basiconic sensilla absent; segment I of both legs bears a large, expanded, striated seta on the distal margin, 0.11 mm. and 0.13 mm. long respectively. Legs II to IV five-segmented.
Radfordia bachai
Dorsum: Lateral I attached on margin between legs I and II, the seta projects anteriorly and posteriorly from the alveolus (the alveolus situated on the ventral-lateral surface of the seta), anterior end curved ventrally into a hook, expanded, striated, with acicular posterior tip, 0.10 mm. long ( fig. 7) to submedian I. Submedian setae III, IV, and V expanded, striated, not barbed, III 0.06 mm. long, IV 0.07 mm. long, V 0.07 mm. long, III extends beyond base of IV, bases of III and IV mesad to I and II, but lateral to III and IV. A genital hook situated on a tubercle, 0.06 mm. long. Five pairs small perigenital setae; two pairs anterior to genital hooks. Four pairs circumanal setae just anterior to prominent posterior marginal filament arranged in a posteriorly directed divergent row ( fig. 1 ). All the expanded setae appear to have a central core and are striated.
Venter: Three pairs of setae between legs I and II, arranged in a posteriorly directed convergent row. Three pairs of setae between legs II and III, arranged in a posteriorly directed divergent row. Two pairs of setae between legs III and IV, one mesad to the other. Two pairs of medial setae; one pair between legs II and III, lateral to spiracle; the second pair parallel with the posterior margin of coxa IV. All the above-mentioned setae are 0.03 to 0.06 mm. long. A large pair of posterior marginal filaments situated on tubercles, 0.25 mm. long. Two pairs of small setae near margin mesad to tubercle bearing the posterior filament. One pair of marginal setae be- Legs: Leg I same as in female; as long as palpi. Leg II has two equal tarsal claws, two basiconic sensilla on segment V (one short, one long) ( fig. 6 ). Single tarsal claws on legs III and IV, larger than tarsal claws on leg II. Large, nonstriated, filiform seta on distal margin of segment I of legs III (0.09 mm. long) and IV (0.13 mm. long).
Dorsitm: Lateral I not expanded, not striated, barbed, 0.04 mm. long, extending two-thirds of the way to base of lateral II, located on a nonsclerotized tubercle between legs I and II. Lateral II not expanded, not striated, barbed, 0.05 mm. long, displaced mesad to lateral II, between legs III and IV. Submedian setae I not expanded, not striated, not barbed, small, 0.01 mm. long, mesad and posterior to lateral I. Submedian II not expanded, not striated, barbed, 0.05 mm. long, lateral to submedian I and mesad to lateral II, and located equidistant between the two, between legs II and III. Submedian III and IV not expanded, not striated, not barbed, smaller than submedian I, parallel with coxa III, posterior to lateral margin of genital plate. Six pairs perigenital setae. Genital opening between legs II and III. Three pairs of circumanal setae, just anterior to the posterior marginal setiferous tubercle. Aedeagus slightly curved, pointed anteriorly, slightly expanded posteriorly, 0.11 mm. long.
renter: Three pairs of setae between legs I and 11, in a posteriorly directed convergent row. Four pairs of setae between legs II and III; one pair near lateral margin adjacent to posterior margin of coxa II; three pairs midway between legs II and III, situated in a horizontal row. Two pairs of setae between legs III and IV, one mesad to the other. Two pairs of median setae; one pair between leg II and spiracle; second pair parallel with posterior margin of coxa IV. All the above-mentioned setae of approximately equal length. Large posterior marginal filament near median line, on tubercle 0.33 mm. long.
Palpi: Terminal portion forms small hooks. Two pairs of setae; one pair ventrolateral, posterior to palpal hooks; second pair ventral, centrally located.
DKI'TONYMPII.-Body length including gnathosoma 0.35 mm.; width between legs II and III 0.29 mm. (fig. 3) .
Legs: Leg I shorter than palpi, stout, three-segmented, without terminal claws. Segment I broader than long, tubercles absent, setae absent. Segment II broader than long; two striated, flattened tubercles on lateral margin; a short, peglike seta on dorsal medial side; one dorsal median seta; a striated tubercle on anterodorsal margin on medial side; two median tubercles and two setae on venter. Segment III a medially directed, transversely striated, medially toothed, hooklike clasping tubercle; anterior margin bears a small laterally directed hook; two setae on dorsal posterior margin. Leg II has one large tarsal claw, one basiconic sensilla, and four segments. Leg III has one tarsal claw and four segments. Leg IV has small terminal process nude of setae, no claw, leg one-third smaller than legs II and III, four segments.
Dorsnm: Seta I expanded, striated, barbed, 0.13 mm. long, lateral to all other setae, extending beyond base of seta II, between legs II and III ( fig. 3) . Seta II expanded, striated, barbed, 0.11 mm. long, between legs III and IV. Seta III expanded, striated, barbed, 0.07 mm. long, mesad and anterior to seta I, not extending to base of seta II, between legs II and III. Seta IV expanded, striated, barbed, 0.07 mm. long, mesad and posterior to seta III, extending to base of seta II. Seta V expanded, striated, barbed, 0.04 mm. long, mesad and posterior to seta IV, extending beyond base of seta VI. Seta VI expanded, striated, barbed, 0.05 mm. long, mesad to seta V, extending beyond base of seta VII. Seta VII expanded, barbed, striated, 0.04 mm. long, directly posterior to seta VI, extending beyond base of seta VIII, posterior to seta II. Seta VIII expanded, striated, barbed, 0.03 mm. long, mesad to seta VII, parallel with posterior margin of coxa IV. Five pairs of setiform circumanal setae; one pair small and located Venter: One pair gnathosomal setae. Two rounded sclerotized plates anterior to coxa II. One pair median setae mesad from coxa II. Three pairs of setae between legs II and III in a lateral-medial row. One pair of setae mesad to coxa IV. Large posterior marginal filament located on tubercle, 0.26 mm. long.
PROTONYMPH.-Body length, excluding gnathosoma, 0.18 mm.; width between legs II and III, 0.19 mm. (fig. 4) .
Legs: Leg I same as in deutonymph with the following exceptions: Venter of segment II has only one median tubercle; hooklike portion of clasping tubercle of segment III armed with several setae. Leg II one tarsal claw, no basiconic sensilla, four segments. Leg III has a small tarsal claw, four segments. Leg IV, no tarsal claw, three segments (fig-4) .
Dorsum: Setae I to VII expanded, striated, barbed, positions identical with those in deutonymph with exception that they are all displaced slightly posteriorly. Setae all shorter in proportion than those of deutonymph. Setae III and IV not extending to base of seta II. Seta VIII absent. Four pairs of circumanal setae, expanded, not striated, barbed, with central core.
Venter: Hooklike tubercle just anterior to coxa II. One pair gnathosomal setae. One pair setae opposite coxa II. Two pairs of setae between legs II and III in lateral-medial row. One pair setae between legs III and IV. Large posterior marginal filament on tubercle.
LARVAE.-Body length, excluding gnathosoma, 0.15 mm.; width between legs II and III, 0.16 mm. (fig. 5) .
Legs: Leg I same as in protonymph with the following exceptions: Segments I and II one-third as long as wide; venter of segment II has three lateral tubercles; setae on venter of segment II lacking. Leg II has tarsal claw, four segments. Leg III no tarsal claw, four segments. Leg IV absent except for small bud and heavier sclerotization at the position to be occupied by this leg (fig. 5) .
Dorsum: Setae I and II same as in protonymph. Setae III, IV, and V more directly mesad to setae I than in protonymph. Setae V, VI, VII same as in protonymph. Seta V extends to base of seta VI. Three pairs of circumanal setae identical to those in protonymph.
Venter: Venter identical to protonymph with the exception that there is only a single pair of setae between legs II and III. Posterior marginal filament as long as the body.
Type host: Dipodomys ordii Woodhouse (Ord kangaroo rat).
Type locality: West slope of Cedar Mountains, and associated plain of the Great Salt Lake Desert, Tooele County; and Cedar Valley, Utah County, Utah. Holotype and allotype male collected 7 miles northeast of Granite Mountain, Tooele County, Utah, August 2, Types: Holotype female, allotype, and paratype immature stages deposited in the U. S. National Museum.
Paratypes: Thirty-one females, four males, seven deutonymphs. One each have been deposited in the Snow Entomological Museum, University of Kansas, Lawrence, Kansas; British Museum of Natural History; collection of E. W. Jameson, Jr., University of California. The remaining specimens are in the authors' collections.
Remarks: Lateral I, the marginal hooked seta between legs I and II, will readily distinguish the female of R. bachai from all other species in the genus.
Variation in the body length of female ranges from 0.23 mm. to 0.36 mm., width from 0.22 mm. to 0.29 mm.; in the male length 0.20 mm. to 0.33 mm., width 0.23 mm. to 0.30 mm.; protonymph length 0.17 mm. to 0.21 mm., width 0.17 mm. to 0.23 mm.; larva length 0.14 mm. to 0.16 mm., width 0.15 mm. to 0.18 mm. Submedians III and IV in the female vary in length to the extent that occasionally they do not extend beyond the base of the following seta. Leg I is more sclerotized than the body and the usual striated pattern is absent. The genital plate is outlined by a definite change in the pattern of body striations (figs. 1, 2 and 3).
Setal patterns in the adults and immatures cannot he correlated because of a general lack of information concerning the immatures. Therefore, at this time it seems that numbering the setae, rather than fitting them into Ewing's classification, would be simple yet adequate for descriptive purposes (fig. 3) .
All material is mounted on microslides with polyvinyl alcohol (PVAV The mites were studied with a phase-contrast microscope. Collections were made by washing the host in an ether-detergent-water solution which was subsequently filtered via a 200-mesh screen, the screen being placed in a stender dish, the mites washed free and collected by the use of a micropipette with the aid of a dissection microscope.
KEY TO FEMALE RADFORDIA 1. Submedian setae III-V foliate or bladelike, terminus rounded or acuminate ( fig. 9, A fig. 9B) .. _../?. ensifera (Poppe, 1896) 3. Lateral seta I modified so that a part of the seta projects anteriorly to the alveolus and curves ventrally to form a distinct hook ( figs. 1, 7) R. bachai n. sp. Lateral seta I expanded and stout, or peglike, or filiform, or setiform; alveolus always basal, no projection in the form of a hook anterior to alveolus 4 4. Lateral setae II-III and submedians I-V all filiform or setiform; lateral I expanded and stout 5 4 Lateral setae II-III expanded, stout and acuminate, both never filiform or setiform; one or more submedian setae expanded (broad), all are not filiform or setiform ; lateral I sometimes expanded and stout ~ 6 5. Lateral setae I peg-shaped, terminus blunt; submedian I as long as submedian III R. sicula Willmann, 1955 Lateral setae I stout, acuminate; submedian I very small, opposite lateral II, and less than one-half length of submedian III R. floridensis Ewing, 1938 6 . One pair of genital hooks present 7 Two pairs of genital hooks present, both pairs small (fig. 10) ; submedians II-VI expanded, submedian I very small R. zibethicalis (Radford, 1936) 7. Lateral setae II larger than submedian I, laterals I-II often stouter than submedians II-V; laterals and submedians never all barbed 8 All lateral and submedian setae of uniform shape and size, all striated, expanded, barbed, lateral I and submedian II of equal size, both slightly larger than others; four pairs of circumanals... R. multivaga (Poppe in Fahrenholz, 1909) (Poppe, 1896) 5. Lateral setae I broadly expanded, tapering gradually to a point ( fig. 9) .. ----6 Lateral setae I expanded little, essentially setiform 8 6. Two median setae present; genital plate not setiferous ---7 Three median setae; genital plate armed with short, stout setae R. forcipifer Lawrence, 1954 7 . Two submedian setae; two median setae ... R. lemnina (Koch, 1841) Three submedian and two median setae; submedian III just posterior to median II ( fig. 11 ) . R. zibethicalis (Radford, 1936) 8. All lateral and submedian setae without barbs 9 Three laterals, four submedians, all barbed; two median setae -R. multivaga (Poppe in Fahrenholz, 1909) 9. Four median setae present -10 Fewer than four median setae present R. affinis (Poppe, 1896) 10. Submedian setae II posterior to lateral setae I I ; genital plate not setiferous -R. ewingi (Fox, 1937) Submedian setae III anterior to and in close proximity to lateral setae I I ; genital plate setiferous R. aegyptica Radford, 1951 DISCUSSION Radfordia bachai sp. nov. has been collected from Dipodomys ordii, D. microps (Merriam), and PeroMyscus maniculatiis (Wagner).
5 However, it was most frequently collected from D. ordii, which appears to be the preferred host. This may be misleading, since other rodent species within the area studied have not been as extensively surveyed as those named above. Also, the collecting techniques may have been such that these small mites would have been overlooked.
Adult and immature forms may be collected at any time during the year, but population peaks occur during December and March, and again in June. The eggs, which hatch in approximately 1 to 3 months, are attached to the bases of the hairs in a manner similar to that of lice (Fahrenholz 1909) . The duration of larval, proto-, and deutonymphal stages is obscure, but there is evidence of two generations per year. Adult kangaroo rats lead an essentially solitary life; therefore infestation probably occurs during pre-adult life, as sucklings. The dorsolateral portion of the neck and shoulders was the area where this mite was most commonly located. * R. affinis may key into couplet 5. It can be separated in that lateral I is moderately stout; submedian I is opposite lateral I and is at least one-half as long as submedian ITI.
5 Elzinga was unable to collect R. baclwi from Pcromyscus maniculatus during his studies. [Vol. 55
Finally, the taxonomic status of three species should be considered. Two that were described and named from immature specimens should be species inquirendae because of the general lack of descriptions of immature forms and because of the dimorphism that exists between immature and adult stages. The first of these, R. bifoliata Lawrence, 1951 , though described as an adult, was recognized by Radford (1954) to be a deutonymph. Lawrence (1951) described leg I as having five segments, which indicates that the generic classification is erroneous. Generic dissimilarity is also evident when this nymph is compared with nymphs of R. rotundata, R. bachai, R. avingi, R. Icmnina, R. multivaga, R. affinis, and R. lance aria.
The second, R. davisi (Radford, 1938: 433) , originally described in Myobia, was transferred to Radfordia by Radford (1951: 118) and retained there in his 1954 revision. Jameson (1955) , however, did not list this species at all under Radfordia. Dr. G. O. Evans, of the British Museum (Natural History), has kindly examined the type. He informs us that this nymph has a tarsal-claw formula of 1 :1 :0, which is quite dissimilar to all other Radfordia nymphs. Until the adults are described, or until all the immature stages are known, the relationship of R. davisi to the other species of Radfordia will be obscure.
Finally, neither Radford (1954) nor Jameson (1955) gave any information in their reviews concerning the placement of R. noctnlia (Radford, 1938: 
